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By Robert 0. Piland end &therille A. Collie 

Skin temperature measurerents have been obteiaed on two free-fl ight 
resezrch  vehicles;  neasurerents were made  up t o  Mzch numbers of 3.4 i n  
one case and up t o  10.4 i n  the other. On the first model (M = 5-41, 
temperzture  neasuremnts were obtained at nine  stations (between 6.5 
ma 29 inches)  along  the 15' conical nose. The temperstwe  distribution 
along the 0068, at a Mzch number of 5.4, indicated  t ransi t ion  to  heve 
occurred E t  a Reynolds nuniber of about 9 X 106. The theories of Van 
Driest for l d n w  a d  turbulent flow proved adeque;te for  predicting 
the skin te-per&ture his tor ies  f o r  l d n a s l  and turbulent  stations, 
respectively. 

A sk2n tenqerature  history was obtained at e s ingle   s ta t ion 
(26.6 Lnches from t i g )  OF, a fi-neoess-ratio-5 i&m& nose  shepe t o  a 
Mach nunner of 10.4. The p e e  skin temperature of' 1,200° F occurred 
shortly Efter the time of peak Mach nunher and calculations  indicate 
thct et -ibis time the convective  heet trmsfer t o  the model was befng 
balmced by radiative  heat trmsfer awry  f r o m  the  m o d e l .  The theory of 
Van Driest WES used i n  calcu1r;ting a s u n  temperatu-re m d  appeered 
adeq.mte up t o  a Mzch mmiber of about 6. Above this value,  there i s -  
60- divergence between calculated end neasured deta, possibly due t o  the 
existeoce of otker  than  turbulent flow over  the measuring stetion. 

It is  well hewn thet   the  problem of eeroaynamic heating  becones 
more severe w5th increasing Mach n h e r .  In order t o  detemine  Just  
what heetillg conditions will be encountered at higher Mach numbers, 
reseazch  vehicles axe being f l i gh t  tested, at present, t o  Mach nunbers 
as high as 10.4. 

Tle purpose of t h i s  SaFer is  to  ?resent and discuss skin teEperature 
Eesurerents from two f l i gh t  tests. Temperature meesurenients were obtaine6 
t o  a Mzch nunS;er of 5.4 on the first flight and t o  a Mach number of 10.4 
on the second flight. 
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SYMBOLS 
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M Mach cumber 

TO s t s t i c  temperature,  degrees Rankine 

T skin  tewerature,  degrees FahrenheTt 

I length or, which Reynolds nuniber calculation is based 

RESUL'PS AND DISCUSSION 

Figure 1 presents %:?e vmia t ion  of stat5.c te.werature, Mech number, 
e l t i tude,  w-d Reynolds nxmker pe r  foot with f l igk t   t ine  for a three- 
stGe vehicLe whtch hEA a 15O total   mgle  conical  nose. 

FTgure 2 ?resents t h e  vzr:ation of skin  temperature  with time r~as- 
urea zt a distance of a imhes rrom tke nose tip. The nase cone was 
constructed  of  0.027-inch-thick  Inconel. The maximum measwed t e q e r s -  
m r e  is  seen co be I,C)OOo F, Et which tirre (23.7 seconds)  the  vehicle 
i s  Et a Mach z d e r  of 3.4. 

A temuerzture history hes been calculated  using the t-mbulent  theory 
01' V m  Driest  (ref. 1 )  zpp'lying %. conversicn  factor  to mske i% ayplicable 
t o  t he  cote (ref. 2) .  Turlnlent flow w e s  zssumed t o   e x i s t  from the nose 
t i p ,  m a  t k e  reco-reqy factor used i n  calcul8ting  the  adiSbEtic w a l l  
t e v e r z t u r e  w s s  ass-mwi equel  to  the cube root of  the Prmci-il number Pr 
jased on skir, tenper&Jre (ye:. 2). Tie r a t io  of specific heats 7 WES 
t&en aqxal.. ;o 1.11.. Eie  c%.lculnted  temperature history i s  indiczted by 
the symkcls i n  f igne 2 mcl is seen t o  be i n  good agreenent with the 
measured t eqerz twe htstory. 

L/3 

L? a i & f t i o ~  t o  the temperertures measured at s tc t ion 29, measwemnts 
were also na2e st eight  other s%a:ions along  the saxe 150 cone. Figure 3 
gresents t h e  v z t a t i a n  of skin terqera-hre along the Ease cone a t  a pa-r- 
t!-cular t:'Lrr;e &zring -the f l igh t .  The f l i gk t  time cmsidered Fs 23.7 sec- 
onds E t  which t i ne  the  Hzch cuxber is ?.LC a d  tne  Rep-olds nmiber per 
foot is 9.8 X 1.06. Tie neasured t eqe rz tu re  is indicated by the  solid 
lrnc md the t icks on t h i s  c;lrve ax2 along  the  center  line of  the cone 
inciicake ike st&l;ions zt which t3e tecrper=-Lure zeasuremenfs were made .  



The s h q e  of the measured curve  Lndicates  regions of laminar, trmsi- 
t ional,  a d  Et least  the  ezrly  stzges of turbulent flow. The abrupt 
chmge i n  slope of the t eqe re tu re  curve indicates that t rans i t ion  from 
lemLner flow began E% a Repmlds num'oer of about 9 X 106. It is  inter-  
es t log t o  note tha t ,  ir! a f l i g h t  t L m e  of only 23.7 seconds, a difference 
or" 5000 F exis t s  between l d n r r - s t a t i o n  and turbulent-station  tenser- 
ture measurements. 

The lower 'Dro-ken line i n  figure 3 Fcdicztes  tenrperatures  calculated 
using  the tkeory of VEE Driest (ref. 3) ,  applying a conversiofi 
factor t o  m&e it applicEb1e t o  the cone (ref.  2). The recovery factor  
w a s  essurEd ecpzl  to the square  root of %he Prendt l  nunber (rei". 2) . 
Fair wreenent is seen t o  exfs t  between tke rceesured and calculated  date 
ai; the  stations where the lamina flov is believed  to  exist .  

The upper  broken lzne in   f i gu re  3 indicates  temgerztures  calculated 
using  the turbuLeEt theory of Van Driest as described  previously. ToWard 
the a f t  end of the ccce (stEtion 29), There it is believed  turbulent f10-w 
exists,  the  zgreewnt between the .measured  and calculzted  data is q i t e  
good. 

- I;et cs  noT,q consider  terngerztwe memurements t o  a Mach nunber of 10.4 
obt&nd during the f l i g h t  t e s t  or" 8 folsr-stage vehicle, which is des- 
cribed  in  reference &. 

Figxe 4 presents the variztion of s ta t ic   te-qerature ,  Mzch nunber, 
a l t i tude,  asd Reynolds nuaber et the temperEture  nieasurfng s ta t fon,   for  
the test   vehicle.  The nose shape on which the  tenperatlure  neasurements 
were lnzde w a s  E. fineness-ratio-5 K&& nose  shage whose t i p  was modi- 
f ied  t o  form a 15-50 t o t a l   mg le  wedge. The nose skin wes of 0.032-inch- 
thick *-conel. A sketch of the nose  shage 5s presented i n  figure 5 and 
the  temperature reasuring sta t ion  is  shown t o  be 26.6 inches aft of the 
nose tip. Tr2e vzziation of skin  temperature w i t h  t h e  is also gresented 
i n  fLgure 5 md is  indic&ted by the s o l i d  l ine .  A peak temperature 
of 1,2000 F is seen to hzve been reached just zfter peak Mach number. 
A t  t h i s  time, the  heating  potentral is s t i l l  considerably  Mgher  than 
the skin tenrgerature, and considering  only  convective  heat  transfer  a 
pezk t e - r e ra tu re  would Eot have been  expected u n t i l  e l a t e r  flight tine. 
The explanation for the geak zt t h i s  time is  %ha% the  convective he&, 
tr&nsr"er t o  the sicin is  kei-ng balanced by tJze radiative heak trmsI'er 
aww  from the s k m .  Keeping t h i s   i n  mind, consider  the  temperzture his- 
tory  calculated using the  turbulent theory of Van Driest (ref. 1) f o r  a 
cone m-d ir-cluding  radiative  heat  traqsfer. 'The calculated  values (square 
symboLs) q ree   qu i t e  w e l l  t o  about 28 seconds, a time whLch corresponds 

vaLues diverge a d  Et the time of peak measured temperature  the  calculated 
Y to  a  Ihch mmber of  abozt 6. At this point the measured and cdcula ted  
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c”mve i s  s t i l l  r i s ing  rEt3id-y. However, i f  t r a n s i t i o n   t o   l d n a r  flow 
is mbitrarlly msuned t o  occur E t  a ReynoLds n-mber of 5 X 106 and 
laminas heat-transfer  coefficients are Used, the  points inaicerted by 
the solid squese symbols are  obtained. T!e inference i s  tha t  laminar 
flow mst have actual-iy  exlstcd on the model at t h i s  time of seals temper- 
ztwe. Calculations  are  also  presented  considering  flat-plate  theory; 
these ere  indicated by the  circular symbpls. At the  higher  temperEtures, 
the wreernent between tke  flat-pls;te  calculations and the measured data 
is  be t t e r  t h a  the c&lculations fo r  the cone; t b i s  i s  probably fortuitous 
and nay be due to  the  existence of t ransi t ional   ra ther   thm  turbulent  
flow over the neasuring s t s t i on  for some t ine   in te rva l   p r ior   to  time of  
pezk tenperature. The priraary  purpose of making the flat-slate  calcu- 
lations was to  detemine  the dif’ference in  estimated m a x i m u m  temperztlrre 
occasioned by using the singler f la t -plate  procedure. The difference 
is seen t o  be &out 15 percent. 

The following observstions are m a d e  from the data presented here: 

1. Free-flight  skin-temperature  masurerents have indicated 
t rans i t ion   to  occxr 011 a conical nose at a  Reynolds number of 
about 9 X 106 at E Mack number of 5.4. 

2. TEe theories of Van Driest  for  turbulent and laminar  heat- 
transfer  coefficients  aspear edequate for  calculating  skin  temperature 
his tor ies  t o  Mach numbers on the order of‘ 6 .  

3. R,dietive  heat  transfer at Mach numbers of 10 can play an 
important r o l e   i n  the determinction of peak skFn tenperzture. 

Langley  AeronaAAcal  Laboratory, 
National Advisory Comi%tee for Aeronautics, 

Langley Ffeld, Va., April 26, 1955. 
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MEASURED AND  CALCULATED TEMPERATURE  HISTORY 
TO A MACH  NUMBER OF 5.4 
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FLIGHT CONDITIONS FOR MODEL  TESTED UP TO "10.4 
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Figure 4 

MEASURED AND CALCULATED  TEMPERATURE HISTORY TO A MACH  NUMBER 
OF 10.4 
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